To develop and validate a nomogram assessing cancer and all-cause mortality following radical cystectomy. Given concerns regarding the morbidity associated with surgery, there is a need for incorporation of cancer-specific and competing risks into patient counseling and recommendations.
The European Association of Urology and the National Comprehensive Cancer Network have updated guidelines supporting the use of radical cystectomy in recurrent non-muscle-invasive and muscle-invasive bladder cancer with multimodal reserved for select patients. 2, 5, 6 Radical cystectomy continues to be associated with a non-negligible risk of morbidity and all-cause mortality. 7, 8 These concerns, as well as prior reports concerning underuse due to advanced age and increased comorbidities, suggest that cancer-specific as well as all-cause mortality rates should be incorporated into patient counseling and guideline recommendations. 4, 7 Prior literature has suggested that risk assessment and prediction tools may enhance clinical decision-making and counseling of patients with bladder cancer. 9 However, many of the available decision tools either do not incorporate all-cause mortality or lack external validation. 9 The purpose of the present study was to assess cancer-specific and overall survival outcomes in patients diagnosed with bladder cancer according to use of radical cystectomy. Moreover, we wanted to identify predictors for survival to develop and validate a population-based nomogram that may be used for preoperative counseling.
MATERIALS AND METHODS

Data Source
We used Surveillance, Epidemiology, and End Results (SEER)-Medicare linked data from the National Cancer Institute. The most recent release of the SEER dataset contained information on patients with newly diagnosed cancers in 18 US regions that are generalizable to the US population. The cancer identified in the SEER database conformed to the standards of the North American Association of Central Cancer Registries, and case ascertainment in the SEER data was 98% complete. 10 The SEER database contains information on patient demographics, tumor characteristics (stage, grade, histology), and follow-ups. The Medicare database contains information on inpatient and outpatient claims.
To validate the predictive accuracy of the nomogram, we used study subjects selected from the Texas Cancer Registry (TCR), a statewide population-based registry that meets the highquality data standards of Centers for Disease Control and Prevention's National Program of Central Cancer Registries. Under the supervision of the National Cancer Institute, registry records from the TCR have been linked to Medicare claims with case ascertainment rate of 97% and linkage rate of 98%. The study was deemed exempt by the Institutional Review Board at The University of Texas Medical Branch at Galveston and MD Anderson Cancer Center.
Ascertainment of Study Cohorts
For both the discovery and validation cohorts (ie, SEER-and TCRMedicare cohorts, respectively), we restricted our analysis to patients with clinical stage II-IVa bladder cancer diagnosed as transitional cell or urothelial carcinoma from January 1, 2006 through December 31, 2011 with claims data available through December 31, 2013. For model validation, the predicted probability of overall and cancer-specific survival in the validation set (TCR-Medicare cohort) calculated by the nomogram created from the SEER-Medicare cohort was compared with the actual survival outcome of patients in the validation set to generate a c-index to quantify the discrimination of the nomogram. We excluded subjects who were diagnosed with locally advanced cancers defined according to the National Comprehensive Cancer Network definition as clinical stage T4b or node-positive and metastatic disease to restrict our sample to patients with unambiguous treatment options. 2 We restricted the study sample to subjects who had Medicare Fee-for-Service coverage and for whom Medicare Part A and Part B claims data were available. The final cohort consisted of 5325 and 1257 patients from SEER and TCR, respectively (Supplementary Tables S1 and S2 ).
Identification of Bladder Cancer Treatments
Radical cystectomy was identified based on procedure codes that are indicative of radical cystectomy. Radical cystectomy captured in this study included both open and robot-assisted laparoscopic surgery. Patients who received radiation were classified on the basis of diagnosis and procedure codes in Medicare claims that are consistent with radiotherapeutic procedures (Supplementary Table S3 ). We identified subjects who received chemotherapy based on the International Classification of Diseases, Ninth Revision and Current Procedural Terminology, Fourth Edition codes that are consistent with chemotherapeutic agents commonly used to manage bladder cancer in the absence of a concomitant code for radical cystectomy (Supplementary Table S3 ). Subjects who underwent surgery alone or in combination with radiation or chemotherapy were categorized as the radical cystectomy group. Among patients who underwent radical cystectomy, use of pelvic lymph node dissection was defined as "yes" or "no." Among those without radical cystectomy, we combined subjects who received chemotherapy alone, radiation alone, or combination chemotherapy and radiation into 1 treatment group because bladder-sparing therapeutic protocols for invasive bladder cancer typically combine radiation and chemotherapy. Subjects who did not have SEER-Medicare variable specifications consistent with radical cystectomy, chemotherapy, or radiation were deemed to have received no further aggressive cancer-directed care and thus were categorized as having received no curative treatment.
Study Covariates
From the SEER data, we determined patient age, race and ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and non-Hispanic other races), gender, marital status (single, married, and unknown), and SEER region (Northeast, South, Midwest, and West). County-level median household income was acquired via linkage to the Area Health Resource File and then divided into quartiles. Clinical and tumor characteristics include clinical stage, tumor grade, and presence of hydronephrosis, which have been previously associated with survival outcomes. 11, 12 Comorbidity was assessed using the Klabunde modification of the Charlson index during the year before cancer diagnosis. 12 The Klabunde modification uses comorbid conditions identified by the Charlson comorbidity index and incorporates the diagnostic and procedure data contained in hospital claims and physician or outpatient claims.
Statistical Analysis
We conducted bivariate analyses to assess the association of surgeries (radical cystectomy) with the list of covariates described previously, using the Pearson chi-square test.
Kaplan-Meier curves were used to estimate overall and bladder cancer-specific survival according to utilization of radical
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cystectomy and whether lymph node dissection was performed. Cox proportional hazards models controlling for patient demographics and clinical covariates were performed to assess the relationship between the use of radical cystectomy and patients' overall survival, as well as cancer-specific survival. Similar analysis was performed to assess the relationship between radical cystectomy and noncancer-related survival. Prior research has suggested that an effect on noncancer survival is strong evidence for unmeasured confounding by indication, or selection bias. Cox proportional hazards models were used to quantify the association between survival outcomes and these characteristics of which a nomogram was created. A nomogram was developed based on the results of Cox proportional hazards models to predict 3-and 5-year overall and cancer-specific survival, containing the associated risk factors (Radical Cystectomy Survival Calculator), available at https://www.utmb.edu/surgery/urology/). We used TCR-Medicare bladder cancer cohort to validate the predictive accuracy of the nomogram model and concordance index (cindex) was calculated.
All statistical tests were 2-sided, and all analyses were performed using SAS version 9.4 software (SAS Institute, Cary, NC) and R version 3.2.4 software (http://www.r-project.org/). Statistical significance was defined as P < .05.
RESULTS
Patient demographics are summarized in Table 1 . Overall, 1377 (25.9%) of the 5325 patients underwent radical cystectomy for muscle-invasive bladder cancer. A significantly higher proportion of patients who underwent cystectomy were younger, male, and married, and had no to minimal comorbidities when compared with those who did not undergo surgery (all P < .01). Patients who underwent radical cystectomy more often had clinical stage II cancer, high-grade disease, and no hydronephrosis (all P < .05). Moreover, 229 (16.6%) patients underwent neoadjuvant chemotherapy, whereas 1227 (89.1%) patients had pelvic lymph node dissection at the time of radical cystectomy.
We assessed predictors for overall and cancer-specific survival as shown in Table 2 . Married in comparison with unmarried patients had both improved overall (hazard ratio [HR] 0.76; 95% confidence interval [CI] 0.70-0.83, P < .001) and cancer-specific (HR 0.76; 95% CI 0.68-0.85, P < .001) survival. Radical cystectomy was associated with improved overall (HR 0.89; 95% CI 0.78-1.01, P = .06) and cancer-specific survival (HR 0.83; 95% CI 0.70-0.97, P = .02), respectively. Older age at diagnosis (>80 vs 66-69 years old, HR 1.63; 95% CI 1.47-1.81, P < .001), higher comorbidity (Charlson comorbidity index 3+ vs 0, HR 1.68; 95% CI 1.53-1.85, P < .001), and non-Hispanic black vs white patients (HR 1.28; 95% CI 1.12-1.45, P < .001) were associated with decreased overall survival. Moreover, adverse tumor characteristics including advanced stage IV vs II (HR 2.82; 95% CI 2.62-3.04, P < .001), high vs low grade (HR 1.55; 95% CI 1.32-1.81, P < .001) and presence of hydronephrosis yes vs no (HR 1.50; 95% CI 1.37-1.64, P < .001) were associated with worse overall survival. Similar findings for cancer-specific survival persisted; specifically advanced age, increased comorbidities, and non-Hispanic black patients were associated with worse survival outcomes (all P < .001). In addition, female patients had worse cancerspecific survival than their male counterparts (HR 1.21; 95% CI 1.11-1.32, P < .001). Median annual income was not associated with cancer-specific survival except for patients with $45,470-$54,375 vs <$45,470 median income (HR 0.90; 95% CI 0.80-1.00, P < .05). Figures 1 and 2 illustrate the overall and cancer-specific survival estimates, respectively, using estimated predictors to generate nomograms. Furthermore, using patient data derived from TCRMedicare (Supplementary Table S2 ) we further validated the utility of these nomograms, which had concordance indices of 0.65 and 0.66, respectively. To further determine a valid association between radical cystectomy and improved cancer-specific survival, we assessed noncancer survival by treatment with radical cystectomy (rather than all-cause survival). We did not observe a significant association between radical cystectomy and noncancer survival (HR 1.00; 95% CI 0.81-1.23, P = .999).
COMMENT
Radical cystectomy is an underutilized treatment option, especially among patients with advanced age and increased comorbidities, despite being a guidelinerecommended treatment with improved survival outcomes. Given concerns regarding increased morbidity and mortality associated with the procedure, we developed a nomogram with moderate concordance indices in a validation cohort. Using population-based cohorts combined with validation further enhances the generalizability of these data.
Our study has several important findings. First, we observed significant underutilization of radical cystectomy among patients with advanced age and increased comorbidities. These findings corroborate prior reports given concerns of increased morbidity and mortality associated with the procedure, prompting concerns regarding the oncologic benefit of this procedure in those deemed "unsatisfactory" surgical candidates. 3, 8 Indeed, up to 3% of patients die within 90 days of radical cystectomy of which increased patient comorbidity increases the morbidity and mortality of the procedure. 13 Although radical cystectomy is a complex surgery, prior studies have suggested a survival benefit in the elderly even among octogenarians and those with increased comorbidities.
14 However, as noted in those studies, there remains a significant complication, hospital readmission, and perioperative mortality risk with radical cystectomy, which requires further research to determine which subgroups of elderly patients may benefit from this surgery. 14 In addition, preliminary studies have demonstrated varying perioperative risks using robotic cystectomy as a means to possibly reduce the morbidity and mortality associated with radical cystectomy. 15 Nonetheless, it appears further research discerning the risks vs benefits among "high-risk" surgical patients undergoing radical cystectomy is needed in the decision-making process.
Second, we noticed racial and ethnic disparity, with nonHispanic black patients having worse overall and cancer-specific survival than non-Hispanic white patients. We have previously noted racial and ethnic disparities with decreased utilization of radical cystectomy among non-Hispanic black patients after controlling for other demographic characteristics, neighborhood socioeconomic status, and clinical factors. 4 Racial and ethnic disparities have been previously implicated for the decreased survival outcomes of many cancers. 16 We did not take into account the delay of diagnosis, proximity to providers who perform radical cystectomy and other predictors for quality of bladder cancer care which are important predictors for cancer-specific and overall survival. 3 Moreover, although we cannot comment on the extent to which biological aggressiveness of tumors among non-Hispanic 
ARTICLE IN PRESS
black patients this disparity may underlie, it is disconcerting that both overall and cancer-specific survival are decreased among these patients. Third, married patients had significantly increased use of radical cystectomy with improved overall and cancerspecific survival. Married patients have been previously shown with other cancers to be associated with improved survival outcomes. 17 Marital status has been previously associated, regardless of gender, with survival outcomes following radical cystectomy, with worse overall and cancerspecific survival outcomes among single, divorced, or widowed patients. 18 Rationale for these findings include 
improved social network among married patients with additional reinforcement of health and improved quality of life. 17 Furthermore, although not assessed in the present study, married patients are less likely to be depressed, which may contribute to adverse survival outcomes. 19 Patient support groups and survivorship programs are an essential component to cancer care, and these data support the effectiveness of these programs especially among unmarried patients. 18 Further research evaluating the integration of such programs into bladder cancer care is needed.
Lastly, we developed nomograms taking into account predictors for overall and cancer-specific survival. Using these predictors, we estimated 3-and 5-year survival for patients and providers considering radical cystectomy as a treatment option. Moreover, we validated the nomograms using the TCR-Medicare database with moderate concordance indices enhancing the generalizability of our findings. For example, a 75-year-old married man with no comorbidities and high-grade cT2 bladder cancer who undergoes neoadjuvant chemotherapy, radical cystectomy, and bilateral pelvic lymph node dissection would have a 27% and 43% 5-year risk of cancer-specific and all-cause mortality, respectively. Conversely, a 90-yearold single woman with significant comorbidities (ie, CCI 3+) and high-grade cT2 disease who undergoes the same treatment would have a 60% and 81% 5-year risk of cancer-specific and all-cause mortality, respectively. Prior studies have developed similar nomograms to estimate perioperative mortality and morbidity. 8, 20 However, these nomograms either lacked long-term follow-up beyond 90 days or were limited to fewer than 200 patients and less than 30 deaths. 8, 20 The present study had a total of 5035 patients with 4074 deaths analyzed to develop the nomogram and validated in 1257 patients with 946 deaths over a 5-year period. In addition to using patient clinical and pathologic predictors, our nomogram included determinants previously not analyzed such as marital status and hydronephrosis. Although such single institutionderived nomograms are useful in the treatment decisionmaking process, quite often calibration of these nomograms reveals overestimation of their estimates and limits the generalizability of their findings. 20 The nomograms in the present study represent an improvement over the current decision-making process for patients with invasive bladder cancer.
Although our findings are policy and clinically relevant, they must be interpreted within the context of the study design. First, patients identified in the present study are older and the results may not be generalizable to younger patients. However, because a majority of patients diagnosed with bladder cancer are in the sixth decade of life or greater, this investigation provides a contemporary assessment of predictors for both overall and cancer-specific survival that is relevant to most bladder cancer patients. Moreover, we further evaluated noncancer survival by treatment with radical cystectomy (rather than all-cause survival). Whereas we noticed significantly improved cancerspecific survival with use of radical cystectomy, surgery was not significantly associated with noncancer survival. An effect on noncancer survival is strong evidence for unmeasured confounding by indication, or selection bias, which we did not observe in the present study. Second, there is level 1 evidence supporting neoadjuvant chemotherapy with significant downstaging and improved survival benefit at radical cystectomy. The use of neoadjuvant chemotherapy was not associated with a significant survival benefit in the present analysis due to low utilization rates observed in the present cohort, and quality of chemotherapy administered in the community may vary. Third, we used population-based data to provide cancer-specific and overall survival estimates. Information on risk factors was obtained from diagnosis codes included in charges for outpatient and hospitalization services. Such diagnoses are not always accurate or complete. Although there are certain criticisms regarding the validity of using populationbased databases 21 as well as the ability to not control for unknown confounders, we believe the present nomograms and validation present generalizable estimates that may be used as part of the treatment decision-making process.
CONCLUSION
In summary, clinical uncertainty in high-risk procedures such as radical cystectomy in at-risk populations are critically important to consider in the treatment decisionmaking process. Married patients had significantly improved utilization of surgery and improved overall and cancerspecific survival. The current study provides a graphical aid for discussion of cancer-specific and other-cause mortality at the time of treatment counseling. This graphical aid has been converted into an online instrument (Radical Cystectomy Survival Calculator available at https:// www.utmb.edu/surgery/urology/RCSC.asp). Further research will be conducted to determine the clinical impact the calculator has on treatment decision-making.
